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This investigation was performed to determine whether 
variables obtained directly from the Doppler left ven•
tricular diastolic flow velocity profile provide a reliable 
estimate of diastolic function. Measurements of diastolic 
flow velocity obtained by Doppler echocardiography were 
compared with volumetric measurements of left ven•
tricular diastolic filling determined by radionuclide an•
giography in 12 subjects without cardiac disease and in 
25 patients with a variety of cardiac diseases. The two 
methods were in agreement in distinguishing normal from 
abnormal diastolic function in 21 (84%) of the 25 patients 
with cardiac disease, identifying diastolic function as 
normal in 8 and abnormal in 13 of these patients. 
Good correlations were observed between certain 
Doppler variables of left ventricular diastolic flow ve•
locity and radionuclide angiographic variables of left 
ventricular filling. The time interval from the aortic clos•
ing component of the second heart sound to the end of 
the early diastolic flow velocity peak, assessed with Dop•
pler echocardiography, correlated well with the time 
Doppler echocardiography is a relatively new, noninvasive 
and easily performed technique that provides important clin•
ical information about valvular stenosis and regurgitation, 
intracardiac shunts and cardiac output. Recently. Rokey et 
al. (I) used the left ventricular diastolic flow velocity wave•
form obtained with Doppler recording, in combination with 
a two-dimensional echocardiographic assessment of mitral 
valve area and left ventricular volume, to estimate instan•
taneous diastolic flow. Indexes of left ventricular filling rate 
calculated with this method showed a good correlation with 
those obtained with contrast angiography. These findings 
convipcingly demonstrate that the Doppler diastolic flow 
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interval from end-systole to the end of rapid filling. as•
sessed with radionuclide angiography (r = 0.83). De•
scent of the Doppler early diastolic flow velocity peak 
correlated well with the radionuclide angiographic peak 
filling rate (r = 0.79). The ratio between the heights of 
the early and late (due to atrial systole) peaks of diastolic 
flow velocity showed good correlatioQ with the ratio be•
tween percent of left ventricular filling during rapid fill•
ing and during atrial systole (r :;:: 0.76). 
These findings demonstrate that the left ventricular 
diastolic flow velocity profile obtained with Doppler 
echocardiography compares favorably with radionuclide 
angiographic variables in the evaluation of left ventric•
ular diastolic function. Therefore, indexes directly de•
rived from the Doppler diastolic flow velocity waveform 
may be useful in providing a noninvasive, reliable and 
easily obtained estimate of diastolic performance in pa•
tients with cardiac disease. 
(J Am Coli Cardiol1986;7:518-26) 
velocity waveform may provide measurements of left ven•
tricular diastolic function. However, the method described 
by these authors requires quantitative echocardiographic de•
termination of mitral valve area and left ventricular volume, 
which substantially increases the complexity of the 
measurements. 
Recently, in preliminary reports from various centers 
(2-4) and from our laboratory (5), variables obtained solely 
from the Doppler left ventricular diastolic flow velocity 
waveform were used to obtain an indirect assessment of 
diastolic function. This method has the advantage of not 
requiring combined two-dimensional echocardiographic 
measurements. and therefore may provide new, easily ob•
tained indexes of left ventricular diastolic function. How•
ever. variables obtained solely from the Doppler diastolic 
flow velocity profile have not been previously validated by 
comparison with other. more established methods of eval•
uating left ventricular diastolic performance. To verify whether 
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this method allows a valid assessment of diastolic function, 
we compared variables obtained by the Doppler diastolic 
flow velocity waveform with those obtained by the radio•
nuclide angiographic time-activity curve in patients with a 
variety of cardiac diseases and in subjects without cardiac 
disease, 
Methods 
Selection and characterization of patients. Thirty-one 
patients with cardiac disease who were evaluated in the 
inpatient or outpatient services of the National Heart, Lung, 
and Blood Institute were initially considered for inclusion 
in this study, These patients constitute a prospective and 
consecutively obtained series in which diastolic function 
was assessed with both Doppler echocardiography and 
radionuclide angiography, In 6 of the 31 patients, accurate 
measurement of diastolic function could not be obtained 
with one or both techniques, and these patients were ex•
cluded from further analysis, In four of these six patients. 
a rapid heart rate (greater than 90 beats/min) did not allow 
accurate assessment (by either Doppler echocardiography 
or radionuclide angiography) of the events characterizing 
diastolic filling, because high heart rates result in an overlap 
between the rapid filling phase of diastole and atrial systole, 
In the remaining two patients. the geometry of the left ven•
tricular inflow tract did not permit a satisfactory Doppler 
examination, 
The remaining 25 patients constitute the study group with 
cardiac disease, Patients ranged in age from 12 to 70 years 
(mean 44); 17 (68%) were male. Fourteen patients had hy•
pertrophic cardiomyopathy, including 10 with subaortic ob•
struction under basal conditions (gradient 2: 30 mm Hg) 
documented at cardiac catheterization (8 patients) or esti•
mated from the M-mode echocardiogram (2 patients). Of 
the remaining II patients, 7 had coronary artery disease and 
4 had aortic valve stenosis (average gradient measured at 
cardiac catheterization 45 mm Hg). Of the 25 study patients. 
7 were asymptomatic. 5 had mild functtonallimitation (New 
York Heart Association functional class II) and 13 had mod•
erate to severe functional limitation (classes III and IV), 
At the time of study. 21 of the 25 patients were taking 
no cardioactive medications. The remaining 4 patients were 
being treated with either amiodarone, verapamil, verapamil 
plus propanolol or propanolol plus diuretic drugs. Each pa•
tient had normal sinus rhythm at the time of study, 
Twelve subjects without evidence of cardiovascular or 
pulmonary disease also underwent Doppler echocardiog•
raphy and radionuclide angiography to determine if the two 
techniques were consistent in identifying normal left ven•
tricular diastolic function, These subjects ranged in age from 
13 to 57 years (mean 42); 9 (75%) were male, Ten were 
normal volunteers and two were young patients with cancer 
(13 and 25 years of age), 
Doppler echocardiography. In each of the 12 subjects 
without cardiac disease and the 25 patients with cardiac 
disease. the Doppler ultrasound examination was performed 
in the nuclear cardiology laboratory just before or imme•
diately after radionuclide angiography. All patients were in 
stable clinical condition during both studies; mean heart 
rates recorded during the Doppler and radionuclide exam•
inations were similar (62 ± 8 and 67 ± 9 beats/min, 
respectively), 
An ATL (Advanced Technology Laboratory. Inc.) Mark 
500 ultrasound system was used to perform the Doppler 
echocardiographic studies. This instrument combines a pulsed 
Doppler flow analyzer with a 3,0 MHz, in-line, two-di•
mensional wide-angle (90°) mechanical sector scanner. The 
system has a movable cursor that allows positioning of the 
Doppler sample volume anywhere in the two-dimensional 
sector plane and at any depth up to 17 cm, Doppler shift 
was detected only in that region occupied by the sample 
volume. The depths utilized to obtain the left ventricular 
diastolIc flow velocity profile ranged from 9 to 13 cm; di•
mension~ of the sample volume at these depths ranged from 
3 X 2 to 4 X 4 mm. Doppler output was available as an 
Figure L Stop-frame two-dimensional echocardiogram showing 
the posItion of the Doppler sample volume (enclosed within the 
broken circle) used to obtain left ventncular diastolic flow velocity 
waveforms, The sample volume is positioned just below the mitral 
valve anulus, within the inflow area of the left ventricle, VS 
ventricular septum, 
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audio signal and as a spectral display of the flow velocity 
profile, The spectral display was developed by subjecting 
the Doppler signal to electronic fast Fourier transform anal•
ysis with sampling at 5 ms intervals and division of the 
signal into 128 frequency bins, The flow velocity profile 
appeared as a waveform composition of small individual 
gray and black blocks and was displayed simultaneously on 
a monitor with the lead II electrocardiogram and phono•
cardiogram, and recorded on a strip chart recorder at a paper 
speed of 100 mm/s, 
Each patient was examined while in a lateral recumbent 
position. with the transducer positioned at, or slightly to the 
left of, the cardiac apical impulse, The transducer was ori•
ented to obtain an apical four chamber view of the heart 
that provided good visualization of the left ventricular cavity 
and maximal excursion of the mitral valve leaflets, The 
cursor line was positioned through a plane traversing the 
left ventricle from the apex to the mitral valve anulus, Great 
care was taken to achieve the smallest possible angle be•
tween the presumed direction of the diastolic blood flow 
and the orientation of the ultrasound beam (cursor); this 
angle was estimated to be zero or less than 20° in each 
patient. The sample volume was positioned in the inflow 
area of the left ventricle, just below the mitral valve anulus 
(Fig, 1), and its position along the cursor line was adjusted 
until the highest peaks of diastolic flow velocity were re•
corded and the graphic quality of the Doppler waveform 
was optimal. Such waveforms were usually recorded when 
the sample volume was positioned in the left ventricular 
inflow area, about I cm below the mitral valve anulus, 
Quantitative assessment of Doppler diastolic flow ve•
locity waveform. In each patient, left ventricular diastolic 
flow velocity waveforms from three cardiac cycles were 
characterized quantitatively and the three values averaged, 
The three cycles chosen for analysis were those with the 
highest early flow velocity peaks, and the steepest descent 
of flow velocity early in diastole, The following measure•
ments were obtained (Fig, 2): 1) the time interval from the 
aortic closing component of the second heart sound to the 
onset of the diastolic flow velocity waveform (ArD); 2) 
the duration of the early diastolic flow velocity peak, defined 
as the time interval from the onset of diastolic flow velocity 
to the time when the curve returned to baseline (D-F); 3) 
the slope (descent) of the early diastolic flow velocity peak 
(EF). that is, the rate of the decrease in early diastolic flow 
velocity; and 4) the ratio between the height of the early 
diastolic flow velocity peak and the height of the late dia•
stolic flow velocity peak (which is produced by atrial con•
traction) (E-E'IA-A'), 
Since the flow velocity waveform is displayed as a gray 
scale line of certain thickness, points 0 and E on the flow 
velocity contour were identified as the midpoints of the gray 
scale spectrum, The slope of the early diastolic flow velocity 
peak (EF) was defined by the construction of a straight line 
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Figure 2. Normal left ventricular (LV) flow velocity waveform 
obtained with Doppler echocardiography, The measurements of 
left ventricular diastolic flow velocity used in this study are the 
follOWing: 1) time Interval from the aortic closing component of 
the second heart sound to the onset of the diastolic flow velocity 
wave (A2-D); 2) duration of the early diastolic flow velocity peak 
(D-F); 3) slope of the early diastolic flow velocity peak (EF); 4) 
ratio between the height of the early diastolic peak (E-E') and the 
height of the late diastolic peak (A-A'), ECG = electrocardio•
gram, 
passing through the midportion of the gray scale spectrum 
and identifying the steepest descent of the peak. The incline 
of the slope was calculated as the ratio between the height 
of the peak and the projection of the slope on the baseline 
of the peak. Because the contour of the flow velocity wave•
forms may demonstrate a wide spectral spread at the end 
of the early flow velocity peak (point F, Fig. 2), point F 
was identified as the intersection between the line of the 
slope of the early diastolic peak and the baseline of the peak 
(lower panel, Fig. 2). 
Normal values for the variables describing the Doppler 
diastolic flow velocity waveform are presented in Table 1 
and were previously defined in our laboratory (5) in 29 
normal volunteers who ranged in age from 20 to 52 years 
(mean 28). Normal limits for these variables were defined 
as the upper or lower (whichever was most appropriate for 
each variable) 95% confidence limits of the distribution of 
normal values. To ensure a greater consistency in distin•
guishing between normal and abnormal waveform config•
uration, left ventricular diastolic flow velocity profiles were 
considered to be abnormal only when values for at least two 
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Table 1. Normal Values for Variables Descnbing Left Ventricular Diastolic Flow VelocllY 
Profile, Obtained With Doppler Echocardiography In 29 Normal SubJects* 
A,-D 1m,) D-F (m,) Slope (m/,') E-E'/A-A' 
Mean 75 ± II 214 ± 26 5,0 ± 10 25 ± 09 
Range 53 to 100 162 to 266 3 5 to 6 5 I I to 5 I 
95% confidence IImltst ::;94 ::;258 2"33 2: I 0 
*These ,ubJect, were prevlou,ly ,tudled In our laboratory (5) but are not part of the pre,ent ,tudy group 
tUpper or lower 95o/c confidence IImlh of normal, whichever was most appropnate for each vanable, of the 
descending portion of the early diastolic flow velOCity peak, A,-D = time Interval from the aortIC clOSing 
component of the second heart sound to the on,et of the early diastolic flow velOCIty peak, D-F = duration 
of early diastolic flow velOCity peak, E-E'/ A-A' = ratio between helghb of early and late diastolic flow 
velOCity peab 
of the four variables measured in this study were beyond 
normal limits, 
Reproducibility of Doppler echocardiographic mea•
surements. Intraobserver and interobserver reproducibility 
of Doppler echocardiographic variables of left ventricular 
diastolic flow velocity were assessed in 16 study patients 
(7 without and 9 with cardiac disease). For each study. 
measurements were obtained from three cardiac cycles and 
the values averaged. To assess intraobserver variability. one 
investigator measured the same set of three cardiac cycles 
in each patient on two occasions (1 month apart). To assess 
interobserver variability, two investigators independently 
measured the same set of cardiac cycles in each patient. 
The average difference between the two measurements was 
small for each of the four variables of diastolic flow velocity 
used in this study. Average differences were as follows: for 
time interval ArD, 4 ± 3 (intraobserver) and 7 ± 7 ms 
(interobserver); for time interval D-F. 7 ± 5 (intraobserver) 
and 13 ± 12 ms (interobserver); for descent of the early 
diastolic flow velocity peak, 0.2 ± 0.2 (intraobserver) and 
0.1 ± 0.2 mls2 (interobserver); and for the ratio E-E' / A-A', 
0.1 ± 0.1 (for both intra- and interobserver). 
Radionuclide angiography. Radionuclide angiography 
was performed at rest using red blood cells labeled in vivo 
with 15 to 20 mCi of technetium-99m. Imaging was per•
formed in the supine position with a conventional Anger 
camera equipped with a high-sensitivity, parallel-hole col•
limator oriented in a modified left anterior oblIque position 
to isolate the left ventricle from other cardiac structures. 
The cardiac image sequence spanning the average cardiac 
cycle was constructed from several hundred cardiac cycles 
by computer-based electrocardiographic gating. using list•
mode data acquisition (framing rate up to 100 images/s) (6). 
High temporal resolution left ventricular time-activity curves 
were generated from the cardiac image sequence after back•
ground correction. Extrasystolic and postextrasystolic car•
diac cycles were excluded, and the diastolic portion of the 
time-activity curve was constructed by combined forward 
gating and reverse gating from the R wave (7). The time•
activity curve represents a measure of relative left ventric-
ular volume changes with time throughout the average car•
diac cycle. from which the following radionuclide angio•
graphic indexes of diastolic filling were measured (Fig. 3): 
I) peak rate of filling; 2) time to peak filling rate; 3) relative 
contribution of rapid filling to total filling volume; and 4) 
time interval from end-systole to the end of rapid filling. 
The peak rate of left ventricular filling was computed by 
fitting a third order polynomial function to the rapid filling 
portion of the time-activity curve, using a least squares 
technique (6). Peak filling rate was measured in counts per 
second, normalized for the number of counts at end-diastole. 
and expressed as end-diastolic volume per second (EDV/s). 
Time to peak filling rate was measured from end-systole 
(minimal volume on the time-activity curve) to the time of 
peak left ventricular filling rate. The contribution of rapid 
filling to total left ventricular filling volume was measured 
by determining the end of the rapid filling phase on the time•
activity curve by visual inspection and computing the ven•
tricular filling volume occurring during rapid filling as a 
Figure 3. Normal left ventricular time-activity curve obtained 
with radionuclide angiography. The measurements of left ventric•
ular filling used in this study are the following: I) peak filling rate 
(PFR); 2) time to peak filling rate (TPFR); 3) percent of left 
ventricular filling volume during rapid filling (RF); 4) time in•
terval from end-systole to the end of rapid filling (ES-ERF). 
EDV = end-diastolic volume. 
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Table 2. Values* for Doppler Left Ventricular Diastolic Flow VelocIty Variable, 
In 37 Study PatIent, 
A,-O (m,) O-F (m,) Slopet (m/,') E-E'/A-A' 
Subject, wIthout 73 :!: 13 228 :!: 21 .+.3 :!: 0.9 1.9 ::+: 06 
cardIac dlsea,e (.+9 to 90) (190 to 255) (2.8 to 5.8) (I I to 3.0) 
(n = 12) 
Patients wIth 90 ::+: 27 260 ::+: .+7 3.0 :!: I 8 1.3 :!: 0.7 
cardIac disea,e (39 to 136) (170 to 382) (1.3 to 9.0) (0.5 to 2.7) 
(n = 25) 
*Data are expressed as mean ::+: SO, wIth range In parenthese,. tOf the descendIng portIOn of the early 
diastolic flow velocIty peak (EF). AbbrevIation, as in Table I. 
percent of total left ventricular stroke volume (8). In ad•
dition, we computed relative left ventricular filling volume 
during atrial systole, as previously described (8). 
The normal limits for peak filling rate (2::2.5 EDV/s), 
time to peak filling rate (::::;180 ms) and relative contribution 
of rapid filling to total filling volume (2::69%) have been 
previously defined in our laboratory (6,8). In addition, the 
time interval from end-systole to the end of rapid filling was 
assessed in a group of 28 normal volunteers who were not 
otherwise part of this study. On the basis of the distribution 
of the normal values, the lower limit of normal (95% con•
fidence limit) for this variable was 199 ms, and the upper 
limit of normal was 284 ms (mean 241 ± 25 ms [SDj). 
For the purpose of this investigation and to enhance the 
accuracy of diagnosis of impaired left ventricular diastolic 
function. left ventricular filling was considered abnormal 
when at least two of the four radionuclide angiographic 
variables measured in this study were beyond the normal 
limits. 
Temporal relation between Doppler echocardio•
graphic and radionuclide angiographic events. Doppler 
left ventricular diastolic flow velocity waveforms and radio•
nuclide angiographic time-activity curves were obtained from 
eight subjects without cardiac disease whose cycle lengths 
during the two studies were almost identical (907 ± 58 and 
899 ± 51 ms, respectively). This analysis was performed 
to determine the temporal relation between Doppler and 
radionuclide angiographic events. In each patient, time in•
tervals were measured between the R wave of the electro•
cardiogram and the following diastolic events on the Dop•
pler waveform: I) onset of the early peak of flow velocity; 
2) end of the early peak of flow velocity; and 3) onset of 
the late peak of flow velocity. Time intervals were also 
measured between the R wave and the following diastolic 
events on the radionuclide angiographic time-activity curve: 
I) onset of filling (measured at the end of isovolumic re•
laxation) (9); 2) end of rapid filling; and 3) onset of late 
ventricular filling after atrial systole. 
Statistical methods. Data were expressed as mean ± 
standard deviation. Relations between Doppler echocardio•
graphic indexes of diastolic flow velocity and radionuclide 
angiographic indexes of diastolic filling were expressed in 
terms of linear regression correlation coefficient. 
Results 
Doppler echocardiography. Mean values for the four 
Doppler echocardiographic variables of left ventricular di•
astolic flow velocity obtained in the 12 subjects without 
cardiac disease and the 25 patients with cardiac disease are 
presented in Table 2. 
Subjects without cardiac disease. In 11 of these 12 sub•
jects, each of the four variables of diastolic flow velocity 
fell within the normal limits previously determined in our 
Table 3. Values* for Radionuclide Angiographic Variables of Left Ventricular Filling in 37 
Study Patients 
PFR (EDV/s) TPFR (ms) RF(%) ES-ERF (ms) 
Subjects without 3.6 ::+: 07 141 :!: 17 79 :!: 4 258 ::+: 20 
cardIac dIsease (2.5 to 4.8) (102 to 166) (72 to 85) (220 to 280) 
(n = 12) 
Patients wIth 3.1 ± 1.5 185 ± 49 68 ::+: II 310 ::+: 52 
cardiac dIsease (0.9 to 6.9) (125 to 311) (29 to 84) (220 to 460) 
(n = 25) 
*Values are expressed as mean::+: SD, wIth range In parentheses. EDV = end-dIastolic volume; ES-ERF 
= tIme interval from end-systole to the end of rapId fillIng: PFR = peak filling rate; RF = rapId filling; TPFR 
= time to peak filling rate. 
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NORMAL ABNORMAL 
Figure 4. Doppler left ventricular 
diastolic flow velocity waveforms 
(above) and radionuclide angio•
graphic left ventricular time-activity 
curves (below) obtained in two pa•
tients with cardiac disease. The pa•
tient at the top left (with hyper•
trophic cardiomyopathy) has a normal 
diastolic flow velocity waveform, 
shOWing short duration of the early 
diastolic peak (D to F), rapid descent 
of flow velocity to baseline (EF) and 
an early diastolic peak (El which is 
higher than the late diastolic peak 
(A). The radionuclide angiographic 
time-activity curve (bottom left) in 
the same patient is also normal. The 
patient at the top right (with coro•
nary artery disease) has an abnormal 
diastolic flow velocity waveform 
showing prolonged duration of the 
early diastolic peak (D-F) and slow 
descent of flow velocity from early 
diastolic peak to baseline: peak flow 
velocity achieved by the late dia•
stolic peak (A) is more than twice 
that of the early diastolic peak (E). 
The radionuclide angiographic time•
activity curve (bottom right) in the 
same patient is also abnormal, show•
ing reduced peak filling rate and pro•
longed time interval from end-sys•
tole to the end of rapid filling. 
EDV "" end-diastolic volume. 
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laboratory. In the remaining subject, only the descent of the 
early diastolic flow velocity peak was slightly lower (2.8 
mls2) than the normal limit (3.3 m/s2). 
Patients with cardiac disease. Fifteen of these 25 pa•
tients (including 8 patients with hypertrophic cardio•
myopathy, 5 with coronary artery disease and 2 with aortic 
stenosis) showed an abnormal diastolic flow velocity profile. 
-...".-.-.. 
400 600 800 
TIME (msec) 
Each of the four variables of diastolic flow velocity was 
abnormal in 6 of the 15 patients, three variables were ab•
normal in 8 patients and two variables were abnormal in 1 
patient. The remaining IO patients with cardiac disease had 
a normal diastolic flow velocity profile. 
Radionuclide angiography. Values for the four radio•
nuclide angiographic variables of left ventricular filling ob-
Table 4. Temporal Relations* Between Doppler and Radionuclide AnglOgraphic Diastolic Events in Eight Normal Subjectst 
R-Onset of 
R-R R-R R-D R-Om,et of R-F R-End of R-C Atnal Systole 
PatIent (Doppler) (RNA) (Doppler) Filling (RNA) (Doppler) Filling (RNA) (Doppler) (RNA) 
881 878 464 460 680 624 771 718 
2 853 814 495 480 705 660 726 654 
3 872 925 447 420 671 600 761 825 
4 956 952 495 440 662 600 856 832 
5 830 853 480 440 710 640 720 713 
6 905 878 484 480 674 640 801 758 
7 989 954 462 440 712 640 856 834 
8 969 938 495 460 722 680 860 818 
Mean 907 ± 58 899 ± 51 478 ± 18 453 ± 21 692 ± 23 636 ± 28 794 ± 58 769 ± 68 
* All values are expressed in ms. tTemporal relatIons between Doppler and radionuchde anglOgraphic diastolic events are graphically iJlustrated in 
Figure S. Time intervals: R-C = from R wave to on~et of late diastohc (atnal) flow velocity peak; R-D = from R wave to onset of early diastolic flow 
velocity peak; R-F = from R wave to end of early diastolic flow velOCity peak; RNA = radionuchde angIOgraphy. 
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tained in the 12 subjects without cardiac disease and in the 
25 patients with cardiac disease are presented in Table 3, 
Subjects without cardiac disease, In these 12 subjects, 
each of the four variables of left ventricular filling fell within 
the normal limits previously determined in our laboratory, 
Patients with cardiac disease, Fifteen of these 25 pa•
tients showed an abnormal left ventricular filling pattern, 
Each of the four radionucIide angiographic variables of left 
ventricular filling was abnormal in one patient, three vari•
ables were abnormal in nine patients and two were abnormal 
in five patients, The remaining 10 patients with cardiac 
disease had a normal left ventricular time-activity curve, 
Distinction between normal and abpormal diastolic 
function: comparison of Doppler ecbocardiographic and 
radionuclide angiographic assessment. Both Doppler 
echocardiography and radionuclide angiography identified 
normal diastolic function in each of the 12 subjects without 
cardiac disease, The two techniques also sh9wed agreement 
in distinguishing normal from abnormal diastolic function 
in 21 (84%) of the 25 patients with cardiac ~isease; diastolic 
function was identified as normal in 8 and abnormal in 13 
of these patients, Examples of concordant estimates of di•
astolic performance by these two techniques are presented 
in Figure 4, The two techniques failed to show agreement 
figure 5. Superimposed Doppler left ventricular (LV) diastolic 
flow velocity wavefonn (middle) and radionuclide angiographic 
(RNA) time-activity curve (bottom), obtained in a normal subject. 
Cycle length (878 ms) was identical in the two studies, Changes 
III flow velocity appear to- occur at the same time as changes in 
relative volume, The early diastolic flow velocity peak t)ccurs 
during the period of Teft ventri€ular (LV) rapid filling, At the end 
of rapid filling, flow velocity begins to decrease and reaches zero 
baseline at the beginning of diastasis, At the end of diastasis and 
after atrial systole (A), both flow velocity and filli-ng rate increase 
again, A2 = aortic component of the second heart sound in the 
phonocardiogram (PHONO); ECG = electrocardiogram; edv 
end-diastolic volume. 
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in four patients; in two of these patients diastolic function 
was assessed as abnormal by Doppler echocardiography but 
normal by radionuclide angiography; in the other two pa•
tients, diastolic function was judged normal by Doppler 
study but abnormal by radionuclide angiography. 
Temporal relation between left ventricular diastolic 
blood flow velocity and left ventricular filling rate. In 
the eight normal subjects with almost identical cycle length 
during both Doppler echocardiography and radionuclide an•
giography, a direct comparison of the flow velocity wave•
forms and the time-activity curves showed that the timing 
of changes in left ventricular diastolic flow velocity corre•
sponded with the timing of changes in left ventricular vol•
ume. Timing relations between flow velocity and filling 
events in eight normal subjects are presented in Table 4 and 
are illustrated in one normal subject in Figure 5, The Dop•
pler early diastolic flow velocity peak was similar in timing 
to the left ventricular rapid filling period. At the end of rapid 
filling, flow velocity decreased, reaching zero baseline at 
the beginning of diastasis. At the termination of diastasis, 
as a consequence of atrial systole, both flow velocity on th~ 
Doppler diastolic waveform and rate of filling on the time•
activity curve increased again. 
Co~relation between Doppler echocardiographic and 
radionuclide angiographic variables of diastolic func•
tion. We analyzed the relation between certain Doppler 
echocardiographic and radionuclide angiographic variables 
of diastolic function that appeared to be the expression of 
changes in flow velocity and filling occurring at similar 
phases of diastole. Duration of the Doppler early diastolic 
flow velocity peak (D-F) correlated with the time interval 
from end-systole to the end of rapid filling, as assessed with 
radionuclide angiography (r = 0,72) (Fig. 6). Furthermore, 
Figure 6. Correlation between duration of the early diastolic flow 
velocity peak (D-F), as assessed with Doppler echocardiography, 
and time interval from end-systole to the end of rapid filling, as 
assessed with radionuclide angiography (RNA), 
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the correlation coefficient was higher (r = 0,83) if the same 
radionuclide angiographic variable (which is the expression 
of duration of isovolumic relaxation combined with duration 
of rapid filling) was compared with the time interval from 
aortic valve closure to the end of the Doppler early diastolic 
flow velocity peak (A2-D plus D-F) (Fig, 7), A good cor•
relation was present between the descent of the Doppler 
early diastolic flow velocity peak (EF), that is, the rate of 
decrease of flow velocity early in diastole, and peak filling 
rate measured with radionuclide angiography (r = 0,79) 
(Fig, 8), The ratio between the height of the early diastolic 
flow velocity peak and the height of the late (atrial) diastolic 
flow velocity peak also correlated well with the ratio be•
tween percent of left ventricular filling occurring during 
rapid filling and that occurring during atrial systole (r 
0,76) (Fig, 9), 
Discussion 
Diastolic function assessed with Doppler echocardi•
ography. Diastolic flow velocity waveforms may be re•
corded with pulsed Doppler echocardiography by placing 
the sample volume in the inflow region of the left ventricle 
(\-5), A normal Doppler waveform shows a rapK! increase 
in flow velocity early in diastole, followed by a period of 
diastasis (during which flow velocity returns to zero base•
line) and. fiflally, a second smaller increase in flow velOCity 
concomitant with atrial systole, This sequence of diastolic 
flow velocity events resembles the sequence 'of events that 
characterize left ventricular filling, Indeed. Rokey et al. (I) 
recently demonstrated a good correlation between indexes 
of left ventricular filling obtained with Doppler echocardi-
Figure 7. CorrelatIOn between the time interval from aortic valve 
closure (A l ) to the end of the early diastolic flow velocity peak 
(A 2-D plus D-F). a~ assessed with Doppler echocardlography. 
and time interval from end-systole to the end of rapid filling. a~ 
asses~ed with radlOnuchde angiography (RNA), 
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peak filling rate. assessed with radionuclide angiography (RNA), 
edv = end-diastolic volumes; LV = left ventricular. 
ography and those obtained with contrast angiography, 
However. the complexity of the method used by these au•
thors. which requires quantitative two-dimensional echo•
cardiographic measurements of mitral valve area and left 
ventricular volume, may limit its use for clinical purposes. 
Preliminary reports from our laboratory (5) and others 
(3,4) showed that variables obtained directly from the Dop•
pler diastolic flow velocity waveform are abnormal in most 
patients with cardiac disease associated with left ventricular 
diastolic dysfunction, These indexes can be easily calcu-
Figure 9. Correlation of the ratio between height of Doppler early 
and late (atria\) flow velOCity peaks, and the ratio between percent 
of left ventricular (LV) fillmg during rapid filling and percent of 
left ventncular filling during atrial systole, as assessed with radio•
nuclide angiography (RNA), 
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lated, do not require combined echocardiographic measure•
ments and may be utilized to assess left ventricular diastolic 
performance in large numbers of patients on a routine clin•
ical basis. However, these variables have not been previ•
ously validated by comparison with other established meth•
ods of assessing left ventricular diastolic performance. 
Relation between Doppler and radionuclide angio•
graphic indexes of diastolic function. To verify whether 
these easily derived Doppler variables provide a reliable 
estimate of left ventricular diastolic function, we analyzed 
the relation between measurements of diastolic flow velocity 
obtained with Doppler echocardiography and volumetric 
measurements of diastolic filling determined with radio•
nuclide angiography. Our results show that quantitative in•
dexes of left ventricular diastolic function obtained with the 
two techniques were consistent in distinguishing normal 
from abnormal diastolic performance in the vast majority 
(84%) of the study patients with cardiac disease. The two 
techniques also showed complete agreement in identifying 
normal diastolic function in each of the subjects without 
cardiac disease. When we analyzed the temporal relation 
between left ventricular diastolic flow velocity and left ven•
tricular filling rate, we found that changes in flow velocity 
and changes in relative volume occurred at similar times 
during diastole. For example, the sharp early diastolic in•
crease in Doppler flow velocity occurred during the period 
of rapid left ventricular filling identified on the radionuclide 
angiographic time-activity curve. At the end of diastasis, 
as a consequence of atrial systole, both flow velocity and 
rate of filling increased again. In addition, Doppler echo•
cardiographic and radionuclide angiographic indexes of di•
astolic function showed strong relations. A good correlation 
was observed between duration of the early diastolic flow 
velocity peak assessed with the Doppler technique and the 
time interval from end-systole to end of rapid filling assessed 
with radionuclide angiography. The correlation coefficient 
was higher when the same radionuclide angiographic vari•
able (which is the expression of duration of isovolumic 
relaxation combined with duration of rapid filling) was com•
pared with the time interval from aortic valve closure to the 
end of the Doppler early diastolic flow velocity peak. Fur•
thermore, the descent of this peak, which is the expression 
of the rate of decrease of flow velocity early in diastole, 
correlated well with the radionuclide angiographic peak fill•
ing rate. The ratio between the heights of the early and the 
late (after atrial systole) peaks of flow velocity also corre•
lated well with the ratio between percent of left ventricular 
filling occurring during rapid filling and that occurring dur•
ing atrial systole. 
It must be emphasized that left ventricular diastolic filling 
is a complex phenomenon determined by multiple factors, 
including left ventricular relaxation, intrinsic myocardial 
muscle properties and loading conditions of the left ventricle 
(10). While Doppler measurements of left ventricular dia-
stolic flow velocity provide an assessment of left ventricular 
diastolic performance, this technique does not permit an 
independent estimate of these different determinants of di•
astolic function. 
Conclusions. Doppler left ventricular diastolic flow ve•
locity waveforms and radionuclide angiographic time-activ•
ity curves were consistent in distinguishing normal from 
abnormal diastolic filling in the vast majority of our study 
patients. Furthermore, good correlations were observed be•
tween Doppler echocardiographic and radionuclide angio•
graphic indexes of diastolic function. These findings dem•
onstrate that the left ventricular diastolic flow velocity profile 
obtained with Doppler echocardiography compares favor•
ably with radionuclide angiographic data in assessment of 
left ventricular diastolic function. Therefore. indexes di•
rectly derived from the Doppler diastolic flow velocity wave•
form may be useful in providing a noninvasive, reliable and 
easily obtained estimate of diastolic performance in patients 
with cardiac disease. 
We thank Imogene Surrey for superb assistance m preparing the manu•
script. In addition, we acknowledge the helpful statistical assistance of 
Joel Verter, PhD. 
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